the alteration of serum enzyme activity; (3) detection of minimal damage when an enzyme assay is more sensitive than other enzyme tests; (4) teaching.
Perhaps in the future, serum enzyme assays will have taken their place amongst the standard laboratory procedures, and the new magic will be the use of enzymes as tools in the estimation of intermediary metabolites.
References Baron, D. N. (1964 In the sampling method the serum blank is required to allow for the possible presence in the sample of the substance being used as the indicator of the reaction and also of substances which may interfere with its estimation, as well as to give one of the two points in the assay. Two separate experiments are required, adding the errors of duplication to those of the estimation. In the continuous method a single experiment allows for the serum blank, gives greater accuracy of slope determination and allows testing of linearity with each estimation. Against this, the continuous method has not been available until recently for two of the most
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Since automation facilitates the collection of adopting the method without the preliminary vastly increased amounts of data it is especially experiments, leaving these to the authors of the important that this data is correct. Automation paper or the manufacturers of the machine or kit. should therefore be used to increase accuracy at Since many things can go wrong with enzyme the same time as output. Enzyme assays are assays and reliable standards are usually not particularly liable to error so a critical view has available, this is most dangerous. The sampling been taken in this survey. method may only safely be used by the individual who shows that in his hands and with his reagents Enzymes can be estimated only by measuring linear plots are obtained. reaction rates-a fundamental difference from ordinary chemical estimations. As the reaction Certain control observations are required but proceeds the rate tends to decrease, due to a are often omitted. These are :-number of factors, and it is only the initial rate, measured under standardised and suitable (a) The rate without substrate (when anything conditions of pH, temperature, substrate conother than the disappearance of the specific centration etc., which is reproducible and substrate is being measured). Since substrate may be present in the sample a preliminary meaningful.
incubation, to allow this to be consumed, is This rate may be measured in two ways, the required before both the test run and the nocontinuous method and the sampling method. substrate blank. In the continuous method, the concentration of (b) The spontaneous rate without enzyme (once substrate or product is measured frequently or per batch of tests). continuously without disturbing the reaction. In the sampling method, samples of the reaction These control rates may be negligibly slow but mixture are removed at intervals, or replicate they cannot be assumed to be so without checking assays run for different times, the reaction is then them. arrested and chemical estimations are performed to measure the progress. The continuous method obviously gives much more information than the sampling method and automatic devices are required to make and record observations continuously. However, most published automatic methods have used the sampling method.
With the sampling method at least 3 observations are required to measure the rate and show that it is linear, and more would be preferable. In practice 2 are usually performed, a "test" and a "serum blank," with preliminary experiments to show that linearity holds over the range in question. It is a short step from this to important enzymes, Amylase and Alkaline Phosphatase (but see Tarnoky and Ingarfill 1964, Frajola, Williams and Austad 1965) , and for slow reactions a long recording may be necessary.
Calibration.
Absolute calibration of the measurement in terms of rate of substrate transformation at a known temperature is most desirable. Commercial enzyme "standards" are then useful as occasional checks.
Some instruments (Hadjiioannou and Santos 1964, Hicks and Updike 1965) rely on "standard" as their sole means of calibration. Apart from losing a most valuable control, this has other disadvantages, namely high cost, poor keeping qualities of the "standard" and non-identity with pathological samples, especially when isoenzymes are present.
Automation (partial). (a) Making measurements:
The first step towards automation should therefore be an instrument to make continuous recordings automatically, and the most versatile are recording spectrophotometers. Medium priced instruments are surveyed in an A.C.B. publication ("Recording Spectrophotometers") so only the points of special importance for enzyme analysis will be mentioned here. Complete automation.
(a) Continuous method. Only two systems have been described, our own (Pollard, 1964) and that of Pitot and Pries (1964) . Both use Technicon equipment to prepare the sample mixtures and inject them into the flow cell. The flow is then stopped, while the reaction is recorded, then restarted to wash in the next sample. The sequence is controlled by a double timing clock. In our system, problems of washout and mixing were overcome, but the continuous method of recording revealed severe shortcomings in the Technicon 340 mJ.1 colorimeter and logarithmic recorder. These are being tackled and the mechanical part of the system gives good results with a recording spectrophotometer fitted with a suitable micro flow cell.
Pitot and Pries use the Gilford spectrophotometer and pump in four independent samples simultaneously. The mechanical side of their system is so designed that they finish up pumping an ice cold reaction mixture into a flow cell at 37°C. It then takes up to 20 minutes for the reaction velocity to become maximal! This seems to be a case of buying the advantages of automation at the expense of good biochemical practice.
(b) Sampling method. The simplest method is to run samples and blanks in separate runs. This is time consuming, and baseline drift and change of sensitivity are problems. Strandjord and Claysen (1964) alternate samples and blanks, and also different substrates, thus overcoming drift. Their system demands meticulous design and construction of the manifold to ensure good washout and the use of the Technicon Sampler II which washes between samples.
Simultaneous measurement of sample and blank using specially constructed differential photometers has many advantages, including speed, freedom from drift and high sensitivity, since a small difference between two extinctions can be measured more accurately than the absolute value of either. Three arrangements have been described (Fig. 1) , (Blrede1 and Hicks 1962 , Hicks and Updike 1965 , Schuel, Tipton and Anderson, 1964 . The single stream system needs a fairly large sample and can have only a short delay since the sample must occupy both cells simultaneously.
c.e. LL!l DELAY 1S"'C The split stream methods permit longer incubations but the accuracy of the splitting and the identical construction of the two channels is critical.
Recording Fluorimeter. (Houghton 1964) .
This has very high sensitivity leading to economy of reagents and samples with low serum blanks. Over a restricted concentration range, the readout is in concentration units without the need for a logarithmic converter. It has not yet been used for the continuous method but this seems quite feasible. This work is still unconfirmed but seems most promising.
Conclusion.
Automatic methods have much to offer in enzyme work but much of the published work is far too uncritical. Prospective users must be prepared to consider many points of theory and construction when choosing a system and a number of these are described.
